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SPECIFICATION 

[TITLE OF THE UTILITY MODEL] Range Finder 
[ABSTRACT] 

[Object] To realize a range finder which allows for preventing increasing the size, 
provides for cost saving, and proves for reducing scanning time. 

[Construction] The firing of a laser beam emission from the semiconductor- laser 
201 triggers the delay unit 207 to produce pulse signal PLS which is provided with 
a predetermined delay time, the pulse signal PLS is inputted sequentially to the 
sensor driver 208 to produce drive signal DR in synchronization with the pulse signal 
PLS inputted so as to be supplied sequentially to the CCD camera 210, image data is 
stored only at the time the drive signal DR is supplied, the signal processing unit 
211 associates storage image data ID with the time data by the sensor driver 208, 
At is determined during which emitted laser beamOPL is reflected on the target object 
to be measured and returns to the apparatus, and the distance to the target object 
to be measured is calculated in accordance with the determined At time. This allows 
for providing. information on multi -dimensional distances without using an expensive 
mechanical scanning unit. 

[WHAT IS CLAIMED IS:] • . ' ^ 

[Claim 1] A range finder which emits light to a target object to be measured and 
detects the reflected 1 ight to measure the distance to the target object to be measured, 
said range finder comprising: 

a light emitting means for emitting light to a target object to be measured; 
a pulse signal output means for outputting pulse signals in response to the firing 
of a light emission of said light emitting means; 

a drive signal output means for outputting drive signals in synchronization with each 
of said pulse signals; 

an image pick-up means for storing image data obtained in the di recti on of the location 



of the target object to be measured only at the time of input of said drive signals; 
and 

a signal processing means which obtains time data in which images of the target object 
to be measured are stored from the image data stored* in said image pick-up means and 
output time of said each drive signal in order to calculate distance in accordance 
with the time data. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig.1] is a block diagram showing an embodiment of a range finder relating to the 
present utility model; 

[Fig. 2] is a state transition diagram for explaining the operation of Fig.1; 

[Fig. 3] is a. flow diagram for explaining the. operation of Fig.1; 

[Fig. 4] isaview showing another operational example relating to the present utility 
model ; - ' ; 

[Fig. 5] is a view for explaining another example of signal processing relating to 
the present utility model; 

[Fig. 6] is a view for explaining the concept of a range finder; and 

[Fig. 7] is a block diagram showing a prior art range finder. 

[Description of Symbols] 

201 Semiconductor laser 

202 — Trigger circuit 

203 — Half-mirror 
204, 209 — Lens 

205 — Optical detector 

206 Trigger signal generator 

207 — Delay unit ^ 

208 — Sensor- driver 

210 — CCD camera 

211 Signal processing unit 

[DETAILED DESCRIPTION OF THE UTILITY MODEL] 
[0001] 

[Technical Field of the Utility Model] 

The present utility model relates to a range finder which emits light to 
a target object to detect the" reflected light for measuring the distance to the target 
object. 



[0002] 

[Prior Arts] 

Generally, as shown in Fig. 6, this type of range finder is designed in such 
a manner that a laser radar unit 1 emits pulsed light to a target object to be measured 
2a (or 2b) such as an automobile; the emitted laser beam is reflected by a reflector 
provided on the target object to be measured to be detected by means of an optical 
detector provided on the laser radar unit 1 ; and time At from the time of the emission 
of the laser beam until the detection of the reflected light is measured; thereby 
determining the distance to the target object by calculating the distance in 
accordance with the equation below. 

R = (C-At)/2 - (1), 

where C shows the velocity of light. 
[0003] 

As an additional example shown in Fig. 6, the presence of a plurality of target 
objects to be measured, 2a and 2b, located at different positions will lead to 
realizing a multi -dimensional range finder which allows for scanning the emitted 
laser beam by means of a variable mirror in predetermined directions to provide 
one-dimensional or two-dimensional information on distance. 
[0004] . >* 

Fig. 7 is a block diagram showing the fundamental concept of a laser radar 
unit as the prior art multi -dimensional range finder, . 

Referring to Fig. 7, 101 shows, for example, a semiconductor laser, 102 a 
trigger circuit, 103 a half-mirror, 104 and 108 lenses, 105 a first optical detector, 
106 a trigger signal generator, 107 a scanning unit, 109 a second optical detector, 
110 a counter, and 111 a signal processing unit, respectively. 
[0005] 

The scanning unit 107 comprises a fixed mirror Ml and a variable mirror M2 which faces 
with the reflecting surface of the fixed mirror Ml, and is constructed in a manner 
such that the angle of the reflecting surface of the variable mirror M2 is varied 
by a desired amount of angle, to vary the emission direction of emitted light OPL 
of the semiconductor laser 101. 
[0006] 

In the foregoing construction, the semiconductor laser 101 lases at a 
predetermined wavelength in accordance with an output signal of the trigger circuit 
102 to emit the pulsed laser beam OPL. 

The emitted light OPL from the semiconductor laser 101 is incident on the 



half-mirror 103, then part of the light passes through the half-mirror 103 to be 
incident and reflected on the fixed mirror Ml of the scanning unit 107 via the lens 
104, and then reflected on the variable mirror M2 to be transmitted to the target 
object to* be measured 2a from the present apparatus. 

The 1 ight transmitted from the laser radar unit 1 arrives at the target object 
to be measured 2a after a given time (At/2) and then reflected on the reflector 
provided thereon. 
[0007] 

Furthermore, part of the emitted light from the semiconductor laser 101 is 
. reflected by the half-mirror 103 and received by the first optical detector '105. 

The first optical detector 105 converts the received light into an electric 
signal dtl in accordance with the level of the received light to be outputted to the 
trigger signal generator 106. The trigger signal generator 106 allows a counter start 
signal SRT to be generated and then outputted to the counter 110. 

The counter 110 starts counting operation by the input of the counter start 
signal SRT. 
[0008] 

The laser beam reflected by the reflector provided on the target object to 
be measured 2a arrives at the laser radar unit 1 in a given time (At/2) after being 
reflected, and then converged by the lens 108 to be received by the second optical 
detector 109. 

The second optical detector 109 converts the received light into an electric 
signal in accordance with the level of the received light. This electric signal is 
inputted to the counter.110 as a counting stop signal STP. 

The counter 110 stops the counting operation by the input of the counting 
stop signal STP. This allows for calculation of At, that is, the time from the 
emission of the laser beam until the return thereof. The measured value of the counter 
110 is inputted to the signal processing unit 111. 

The signal processing unit 111 calculates the. distance to the target object, 
to be measured 2a in accordance with equation (1) mentioned above and then outputs 
the same as distance data. 
[0009] 

Now, to measure the distance to the target object so as to be measured 2b, 
the angle of the reflecting surface of the variable mirror M2 of the scanning unit 
107 is varied to allow the scanning direction of the emitted laser beam OPL to be 
switched to the direction of the target object to be measured 2b. 




[0010] 

[Themes to be solved by the utility model] 

However, the foregoing prior art range finder requires a mechanical scanning 
unit with high accuracy to provide an accurate distance to a target object to be 
measured, resulting in an increase in the size of the apparatus and in cost, and 
requiring a longer time in scanning. to obtain high resolution. 

[0011] 

' The present utility model was developed in view of the foregoing problems. 
The object of the present utility model is to provide a range finder Which allows 
for preventing an increasing in size, provides for cost saving, and reduces scanning 
time. 
[0012] 

[Means for solving the themes] 

To achieve the foregoing object, the present utility model provides a range 
finder which emits light to a target object to be measured and then detects the 
reflected light to measure the distance to the target object to be measured, said 
range finder comprising: 

a light emitting means for emitting light to a target object to be measured; 
a pulse signal output means for outputting pulse signals in accordance with the firing 
of a light emission of said light emitting means; 

a drive signal output means for outputting drive signals in synchronization with each 
of said pulse signals; 

an image pick-up means for storing image data obtained in the direction of the location 
of the target object to be measured only at the time of input of said drive signals; 
and - . 

a signal processing means which obtains time data in which images of the target object 
to be measured are stored from image data stored in said image pick-up means and output 
time of said each drive signal in order to calculate the distance in accordance with 
the time data. 

[0013] 

[Action] 

According to the present utility model , the light emitting means emits 1 ight, 
for example, to a plurality of target objects to be measured which are located almost 
in the same direction. 

Part of the light emitted from the light emitting means arrives at one of 
the target objects to be measured in a given time and another part of the light arrives 




at another target object to be measured in a given time, and then these beams of light 
are reflected by these target objects to be measured. 

Furthermore, the pulse signal output means outputs pulse signals at 
predetermined intervals of time from the time of the firing of a light emission of 
the. light emitting means. The pulse signals are inputted to the drive signal output 
means. 

The drive signal output means generates drive signals in synchronization 
with the input pulse signals and then the drive signals are outputted to the image 
piek-up means at predetermined intervals of time. 

The image pick-up means stores image data in the direction of the location 
of the target objects to be measured only at the time of the input of the drive signal . 

The foregoing operation is carried out in response to the light emission 
by means of the' light emitting means and image data are stored sequentially. 

The light emitted by the light emitting means is reflected by a target object 
to be measured, and it takes some time for the reflected light to return, so that 
image data stored in the image pick-up means contains such image data as in the case 
of no return of reflected light. 

Therefore, such image data that does not contain the image of the target 
object to be measured may exist. 

These image data are inputted to the signal processing unit. The signal 
processing unit determines time data in which images of ^the target objects to be 
measured are stored in accordance with image data stored in the image pick-up means 
and the output time of each drive signal , and then calculates distance using the time 
data. 
[0014] 

.[Embodiments] 

Fig.1 is a block diagram showing an embodiment of a range finder relating 
to the present utility model. 

Referring to Fig.1, 201 shows a semiconductor laser, 202 a trigger circuit, 
203 a half-mirror, 204 and 209 lenses, 205 an optical detector, 206 a trigger signal 
generator, 207 delay unit, 208 a sensor driver, 210 a CCD camera", and 211 signal 
processing unit, respectively. 
[0015] 

The semiconductor laser 201 lases at a predetermined wavelength to emit a 
pulsed laser beam GPL. 

The trigger circuit 202 supplies drive signals to the semiconductor laser 




201 to lase the semiconductor laser 201. 

The half -mirror 203 allows the emitted light GPL from the semiconductor laser 
201 to be incident thereon and allows the part of the emitted light OPL to pass through 
to be incident on the lens 204, allowing part of the light to be reflected to be 
incident on the light receiving portion of the optical detector 205. 
[0016] 

The optical detector 205 receives and converts the laser beam OPL from the 
semiconductor laser 201, reflected on the half-mirror 203 to an electric signal DTI 
at a level corresponding to the amount of light received, and then outputs the signal 
tO'the trigger signal generator 206. 
[0017] . ' 

The trigger signal generator 206 receives the output signal DTI from the 
optical detector 205 to generate the trigger signal TRG to output the signal to the 
delay unit 207. 
[0018] 

The delay unit 207 receives the trigger signal TRG which is then added by 
a delay of timer into the pulse signal PLS, a storage time starting trigger, which 
is then outputted to the sensor driver 208. The delay 'time is controlled by delay 
control signal DCL from the sensor driver 208 and allows to vary the amount of delay 
each time the laser beam OPL is emitted'. 

The reason for providing for delay time is because it takes a given time, 
At, for the laser beam to travel from the emission of the laser light OPL until the 
return of the light OPR which is reflected on the target object to be measured. 
[0019] 

The sensor driver 208 outputs a driving signal DR in synchronization with 
the input of the pulse signal PLS produced at the delay unit 207 to a sensor having 
an electronic shutter of the CCD camera 210, and outputs image storage time data TD 
to the signal processing unit 211. 
[0020] 

.The lens 209 converges light such as the light OPR which is reflected on 
the target object to be measured to allow the light to return to the-'laser radar unit 
5 among the emitted light OPL from the semiconductor laser 201, and allows the light 
to be incident on the sensor portion of the CCD camera 210. 
[0021]^ 

The CCD camera 210 allows the electronic shutter to be opened only at the 
time of input of the drive signal DR so as to store image data in accordance with 




incident light at the time and output the series of image data ID to the signal 
processing unit 211. 
[0022] 

The signal processing unit 211 selects the time data provided at the time 
when images of the target object to be measured are stored following the input of 
the image storage time data TD by the sensor driver 208 and the input by the CCD camera 
210, calculates the distance to the target object to be measured in accordance with 
the foregoing equation (1), {R=(C' At)/2}, and obtains information on the location 
of the target object to be measured. ^ . 

[0023] 

Now, operations, based on the foregoing configuration .will be explained with 
reference to Figs. 2 and 3. 

An example in which two target objects to be measured 2a and 2b are present 
under the same conditions as the case shown in Fig. 6 will be explained here. 
[0024] 

First, the sensor driver 208 outputs a delay control signal DCL to the delay 
unit 207 and a delay time rl is set (SI). 

Then, the semiconductor laser 201 lases at a predetermined wavelength in 
response to the output signal from the trigger circuit 202 and then emits a pulsed 
laser beam GPL (S2). 

The emitted light OPL from the semiconductor laser 201 is incident on the 
half-mirror 203. Part of the light passes through the half-mirror 203 to be emitted 
toward target objects to be measured, 2b and 2a, with a certain spread from the present 
apparatus via the lens 204. 

The emitted light, for example, a part thereof arrives at the target object 
to be measured 2b in time (At2 / 2) and another part thereof arrives at the target 
object to be measured 2a in time (Atl / 2), and then is reflected from a reflector 
provided on each target object to be measured 2b and 2a. 
[0025] 

Part of the emitted light from the semiconductor laser 201 is reflected on 
the half-mirror 203 and received by the optical detector 205. The optical detector 
205 converts the received light to an electronic signal DTI in accordance with the 
level of the received light to be outputted to the trigger signal generator 206. The 
trigger signal generator 206 generates and outputs a trigger signal TRG to the delay 
unit 207 (S3). 
[0026] 



As shown in Fig. 2 (b), the delay unit 207 receives a trigger signal TRG to 
delay the emission of the laser beam OPL by timerl and then the pulse signal PLS1 
is outputted to the sensor driver 208 (S4).- 

The sensor driver 208 produces a drive signal DR1, a signal like the one 
shown in Fig. 2 (b), in synchronization with the pulse signal PLS1 inputted, to be 
outputted to the CCD camera 210. • 

In addition, the time data TD relating to the pulse signal is outputted from 
the sensor driver 208 to the signal processing unit 211. 
[0027] 

At this time, at timerl, the- reflected light 0PR2b from the target object 
to be measured 2b has not yet returned, so that the image ID1 is obtained as is shown 
in Fig. 2 (c) (S5), and this image data ID1 is read out by the signal processing unit 
211 (S6). 
[0028] 

Subsequently, the sensor driver 208 outputs a delay control signal DCL which 
is outputted to the delay unit 207 to set delay timer2 (S7). . 

Then, the semiconductor laser 201 lases at a predetermined wavelength in 
response to the output signal from the trigger circuit 202 to emit the pulsed laser 
beam OPL (S8). 

Similarly as mentioned above, the emitted light OPL from the semiconductor 
laser 201 is incident on the half-mirror 203, part of the light passes through the 
half-mirror 203 to be emitted toward target objects to be measured, 2b and 2a, with 
a certain range from the present apparatus via the lens 204. 
[0029] 

Part of the emitted light form the semiconductor laser 201 is reflected on 
the half-mirror 203 and received at the optical detector 205. 

The optical detector 205 converts the light received to the electric signal 
DTI at a level corresponding to the amount of the light received and then outputs 
the signal to the trigger signal generator 206. The trigger signal generator 206 
produces the trigger signal TRG to be outputted to the delay unit 207 (S9). 
[0030] - " 

As shown in Fig. 2 (b), the delay unit 207 receives the trigger signal TRG 
to delay the emission of the laser beam OPL by timer2 and then the pulse signal PLS2 
is outputted to the sensor driver 208 (810). 

The sensor driver 208 produces a drive signal DR2, a signal like the one 
shown in Fig. 2 (b), in synchronization with the pulse signal PLS2 inputted, to be 




outputted to the CCD camera 210. 

In addition, the time data TD relating to the pulse signal is outputted from 
the sensor driver 208 to the signal processing uni.t 211. 
[0031] 

At this time, at timer 2 after the emission of the laser beam OPL, the 
reflected light 0PR2b from the target object to be measured 2b has returned, so that 
the image ID2 is obtained which is shown in Fig. 2 (c).(SII), and this image data ID2 
is read out by the signal processing unit 211 (S1 2). 
[0032] 

The foregoing operations are repeated to obtain image, data ID3 to ID6 to 
be read out sequentially by the signal processing unit 211 (S13 and S14). 
[0033] 

The signal processing unit 211 associates the storage image data ID inputted 
and the time data from the sensor driver 208 in order to determine the time during 
which the image of the target object to be measured 2b is stored, that is, time 
At2 during which the emitted laser beam OPL is reflected on the target object to 
be measured 2b, and then returns to the apparatus, and determines the time during 
which the image of the target object to be measured 2a is stored, that is, time 
Atl during which the emitted laser beam OPL is reflected on the target object to 
be measured 2a and then returns to the apparatus. 

Then, the distance to the target object to be measured 2b is calculated in 
accordance with the timeAt2 determined, and the distance to the target object to 
be measured 2a is calculated in accordance with the timeAtl. 

The signal processing unit 211 obtains information on location of the target 
objects to be measured, 2b and 2a, in accordance with the storage image data ID (S15). 
[0034] 

As explained in the foregoing, according to the present embodiment, the 
firing of a laser beam emission from the semiconductor laser 201 triggers the delay 
unit 207 to produce the pulse signal PLS which is provided with a predetermined delay 
time, the pulse signal PLS is inputted sequentially to the sensor driver 208 to produce 
the drive signal DR in synchronization with the pulse signal PLS rnputted so as to 
be supplied sequentially to the CCD camera 210, image data is stored only at the time 
the drive signal DR is supplied, the signal processing unit 211 associates the storage 
image data ID with the time data by the sensor driver 208, At is determined during 
which the emitted laser beam OPL is reflected on the target object to be measured 
and returns to the apparatus, and the distance to the target object to be measured 



is calculated in accordance with the time At determined, whereby multi -dimensional 
information on distance can be obtained without using an expensive mechanical 
scanning unit. 

Therefore, a range finder which allows for preventing increasing the seize, 
provides for cost saving, and reduces scanning time can be realized. 
[0035] 

In the foregoing explanation, as shown in Fig. 2, such an example as with 
a short pulse width of the laser beam and a short storage time of images relative 
to the location of the target object to be measured has been explained. However, as 
shown in Fig. 4, the same effect can be provided as mentioned in the foregoing even 
i n the case wi th a 1 ong pul se wi dth of the 1 aser beam and a 1 ong storage ti me of i mages . 

Fig. 5 (a) shows the case in which the reflection output intensity is shown 
in time sequence against the storage time of the target object to.be measured 2b, 
while Fig.5 (b) shows the waveform resulting from the differentiation and conversion 
of waveform (a), and Fig.5 (c) shows a waveform resulting from the differentiation 
in the rise of waveform (b). 

Similarly to the case shown in Fig. 2, performing this kind of signal 
processing provides information on which storage time the reflected light has 
returned from the target object to be measured. 
[0036] 

[Effects of the utility model] 

As explained in the foregoing, according to the present utility model, a 
range finder which allows for preventing increasing the seize, provides for cost 
savings, and reduces scanning time can be realized. 

Date: June 9, 1999 
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